0 from this analysis, as previous assays using a PstΔavrPto/avrPtoB deletion strain showed that this 2 8 1 strain was still able to compromise proteasome function ( Fig. 2A ). This experimental approach 2 8 2 identified four T3Es (HopM1, HopG1, HopAO1 and HopA1) whose expression reproducibly led to stronger than that of XopJ, a T3E from Xanthomonas, which was shown to inhibit the proteasome by 2 8 6 degrading the RP subunit RPT6 (Üstün and Börnke, 2015) . Expression of all T3Es tested was verified 2 8 7 by western blot analysis using an anti-HA antibody (Fig. 6C ). The remaining 12 T3Es from Pst tested 2 8 8
were not able to suppress proteasome activity (Supp. Fig. S1-6 ), demonstrating that the interference 2 8 9 with proteasome activity is specific for certain T3Es. This suggests that the proteasome might Because HopM1 inhibits proteasome activity up to 80% and due to previously published work showing that HopM1 promotes degradation of its target protein AtMIN7 via the 26S proteasome (Nomura et al., 2006), we further concentrated our efforts on this candidate T3E. To demonstrate that HopM1 analysis suggests that ectopic HopM1 expression almost fully complements is mainly responsible for activity that is comparable to mock control treated leaves (Fig. 7A) , indicating that the lack of HopM1 renders Pst unable to inhibit proteasome activity during infection below the basal level but is still able 3 0 6 to prevent its induction. Consistent with the activity data on the proteasome, accumulation of 3 0 7 ubiquitinated proteins was also less pronounced compared to Pst wild-type infected leaves (Fig. 7B ).
0 8
Because this conserved effector locus also harbours AvrE, HopAA1-1, and HopN1 besides HopM1, Pseudomonas strain (Fig. 7C ). This is also partially reflected by a reduced accumulation of 3 1 3 ubiquitinated proteins compared to Pst wild-infected plants (Fig. 7D) . Thus, from this we could 3 1 4 conclude that HopM1 is responsible for the inhibition of proteasome activity during the compatible 3 1 5 interaction of Pst and Arabidopsis. HopM1 interacts with components of the UPS in-vivo:
To demonstrate the possible mechanism by which HopM1 reduces the total proteasome activity of the 3 1 9 plant cell, an unbiased proteomics based screening was performed to find the in vivo interactions of
HopM1 in Nicotiana benthamiana. HopM1 was immunoprecipitated and interacting proteins were 3 2 1 identified using mass spectrometry (LC-MS/MS) analysis. The expression of HopM1 in Nicotiana was confirmed by anti-GFP western blot (Supp. Fig.S7 ). It was observed that many proteins related to the 3 2 3 ubiquitin-proteasome system were associated with HopM1. The Nicotiana orthologs of known HopM1 involved in membrane traffic), and AtMIN10 (a 14-3-3 protein) were also detected reflecting the interactions were specific to HopM1 (Nomura et al., 2006 protein ligases UPL 1 and 3 were also significantly enriched in the screen further suggesting the role
of HopM1 in directly perturbing the proteasome activity of the plant cell. However, the most interesting 3 3 1 protein detected was proteasome-associated protein ECM29, which is known to stop the protein The known target of direct ubiquitination post elicitation includes the flg22 receptor FLS2 (Lu et al., signaling, the protein levels of FLS2 were analysed in Arabidopsis protoplasts transfected with HopM1. It was observed that the FLS2 levels accumulated in HopM1 expressing protoplasts without any PAMP 3 3 7 elicitation in comparison to control. Significatly higher levels of FLS2 were also observed after longer 3 3 8 (60 min) treatments with flg22 (Fig. 8) . Plant immunity has to be tightly regulated to ensure effective immune response activation with minimal proteasome regulates plant defence responses at several layers of the surveillance system and hence In this study, we show that fully functional proteasome subunits RPT2a and RPN12a are required for 3 4 9 the proper execution of PTI events in locally infected leaves and the establishment of SAR and thus, interference during a compatible interaction.
5 5
In the past, the proteasome has mainly been associated with the regulation of plant growth and defects (Kurepa and Smalle, 2008) . This is also true for the Arabidopsis rpt2a-2 and rpn12a-1 mutants 3 5 9 used in the present study, both of them being part of the 19S RP of the proteasome. The rpt2a-2 3 6 0 mutant is affected in root elongation, leaf/organ size, trichome branching, endoreduplication, 3 6 1 inflorescence stem fasciation, and flowering time (Lee et al., 2011) , while the rpn12a-1 mutant shows 3 6 2 decreased rate of leaf formation, reduced root elongation, delayed skotomorphogenesis, and altered 3 6 3 growth responses to exogenous cytokinins (Smalle et al., 2002) . However, it is important to mention 3 6 4 that both mutants are characterised by weak defects on overall proteasome function since the RPT2 identified as a suppressor of increased resistance to the adapted biotrophic powdery mildew pathogen
Golovinomyces cichoracearum in EDR2 (Enhanced Disease Resistance 2) loss of function mutants with virulent and avirulent P. syringae strains as well as to G. cichoracearum (Yao et al., 2012) . Infected rpn1a plants displayed a reduction in late defence responses such as the accumulation of the defence hormone salicylic-acid (SA) and a reduced expression of the defence marker gene PR1. The observation that the rpt2a as well as the rpn12a mutant show a similar enhanced susceptibility phenotype and a reduction in PR1 expression suggests that interference with proteasome function in general leads to defects in immunity. Another report shows that RPT2a is involved in the defence response mediated by a CC-NBS-LRR protein (Chung and Tasaka, 2011) . In that case, RPT2a interacts with the resistance protein UNI/uni-1D and a loss of RPT2a in the uni-1D mutant represses 3 8 0 PR1 gene expression, which is normally highly induced in the uni-1D mutant plants due to the 3 8 1 constitutive activation of the resistance protein (Igari et al., 2008; Chung and Tasaka, 2011) . activity besides a decreased overall proteasome activity (Hatsugai et al., 2009 ). This defect abolished strains but not to a virulent strain. As a consequence of this compromised HR, PBA1 RNAi plants A possible explanation for the enhanced susceptibility phenotype of rpn1a plants that has been put 3 9 3 forward is that a defect in proteasome function interferes with the turnover of a regulator of SA could at least in part explain the compromised immunity in rpt2a-2 and rpn12a-1 mutants. A possible 3 9 6 candidate for proteasomal turnover during defence is NPR1, the master regulator of SA signalling that
acts as a transcriptional co-regulator inside the nucleus and whose functionality was shown to be The data on the altered kinetics of MAP Kinase phosphorylation further supports the hypothesis that upstream PRR signalling such as FLS2 degradation could be disturbed in the proteasome mutants, recognition. The plasma-membrane-associated kinase BIK1, which is a direct substrate of the FLS2- Apart from its function in regulating the turnover of components implicated in ROS signalling, 4 2 7 proteasome components have been identified to directly contribute to ROS-mediated defence. In subunit, it is tempting to speculate that ROS signalling is impaired in these plants similar to the 4 3 5 overexpressing ß1 tobacco lines. In addition to a reduced local defence response, Arabidopsis rpt2a-2 and rpn12a-1 mutants are also subsequently transmitted to systemic tissue where it is perceived and confers a primed state that 4 4 0 enables a faster and stronger defence response upon a secondary infection (Conrath et al., 2015) .
The exact nature of the signal(s) involved in this process is currently up for debate; however, it is 4 4 2 proposed that several hormonal pathways, such as SA, ethylene, auxin and jasmonic acid play a role The npr1-1 mutant that is defective in SA-dependent defence responses does not display induction of defence, but also suppress it below the basal level detected in the mock treated control. This suggests 4 7 6 that T3Es act to suppress induction of proteasome activity during defence, which likely occurs at 4 7 7 different levels and through different sets of effector proteins. First, the ability to prevent induction of
proteasome activity is consistent with the activity of T3Es acting to suppress SA-mediated defence SA signalling remain to be discovered (DebRoy et al., 2004) . However, the interference with SA 4 9 1 synthesis per se seems not to be sufficient to reduce proteasome activity below basal levels as 4 9 2 transient expression of HopI1 in leaves of N. benthamiana shows no effect on activity. A direct inhibition of the proteasome through T3Es of Pst targeting its components so far has not been similar mechanism has been proposed for the T3E HopZ4 from Pseudomonas syringae pv. does not possess SylA, a secreted toxin produced for instance by P. syringae pv. syringae, which 5 0 1 directly targets the catalytic subunits of the 26S proteasome to inhibit its activity and to suppress plant Arabidopsis receptor kinase EF-TU RECEPTOR (EFR) reducing its phosphorylation and thus is crucial to activate its assembly and also induce its activity (Satoh et al., 2001) , it might be possible 5 1 8 that HopAO1 could target components of the proteasome to reduce their phosphorylation status.
1 9
Whether this T3E is also able to interact with multiple target proteins in plants, e.g. with components of 5 2 0 the proteasome or other UPS-related proteins will be subject of future studies and clarify its role as a 5 2 1 proteasome inhibitor.
2 2
The identification of HopM1 as a candidate effector protein for suppression of the proteasome is 5 2 3
striking. This effect is unlikely to be related to its ability to interfere with SA-dependent defence lost the ability to suppress proteasome activity below the levels of the mock infected control promotes the proteasome-dependent degradation of AtMIN7, a host ADP ribosylation factor guanine components to interfere with its function. Moreover, using a Y2H approach HopM1 was identified to for degradation (Nomura et al., 2006) . We speculate that this interaction, on the one hand mediates could explain why AtMIN7 is removed by the proteasome while overall proteasome activity is down- HopM1 also has an AtMIN7-independent function: it is able to suppress ROS production and stomatal bromophenol blue, 4% SDS) and, after heating for 10 min at 95 °C, subjected to gelectrophoresis.
9 9
Separated proteins were transferred onto nitrocellulose membrane. Proteins were detected by an anti- homogenized in 100 µl of extraction buffer (50 mM Tris-HCl, pH 7.5, 100mM NaCl, 15 mM EGTA, 10 6 0 9 mM MgCl 2 , 1mM Na 2 MoO 4 *2H 2 O, 0.5 mM NaVO 3 , 1 mM NaF, 30 mM ß-glycerolphosphate, 0.5 mM 6 1 0 PMSF, 1 tablet/10 ml extraction buffer of proteinase inhibitor cocktail (Roche) and phosphatase 6 1 1 inhibitor cocktail (Roche)). After centrifugation at 13,000 rpm for 30 min at 4°C, protein concentration 6 1 2 of the supernatants was determined using a Bradford assay. Thirty micrograms of protein was 6 1 3 separated in an 12,5% polyacrylamide gel. Immunoblot analysis was performed using anti-phospho- Sigma) as primary antibody, and peroxidase-conjugated goat anti-rabbit antibody (1:5,000, Sigma). Eight leaf discs (4 mm diameter) from four 4-week-old Arabidopsis plants were sampled using a cork 6 1 9 borer and floated overnight on sterile water. The following day the water was replaced with a solution 6 2 0 of 17 mg/mL (w/v) luminol (Sigma) and 10 mg/mL horseradish peroxidase (Sigma) containing 1µM 6 2 1 flg22. Luminescence was captured over 45min using Synergy HT (BioTek Instruments GmbH) 6 2 2 multiplate reader. Proteasome activity in plant extracts was determined spectro-fluorometrically using the fluorogenic Total RNA was isolated from leafmaterial as described and then treated with RNase-free DNase to 6 3 0 degrade any remaining DNA. First-strand cDNA synthesis was performed from 2 µg of total RNA using 6 3 1
Revert-Aid reverse transcriptase. For quantitative RT-PCR, the cDNAs were amplified using 6 3 2
SensiFAST SYBR Lo-ROX Mix (Bioline GmbH, Luckenwalde) in the AriaMx Realtime PCR System 6 3 3 (Agilent Technologies). PCR was optimized, and reactions were performed in triplicate. The transcript 6 3 4 level was standardized based on cDNA amplification of UBC9 (ubiquitin carrier protein) as a reference. Statistical analysis was performed using Student's t test. Adult Nicotiana benthamiana plants were syringe infiltrated with Agrobacterium either expressing 6 3 9
HopM1-GFP (HopM1 cloned in pGWB5 vector) or a vector GFP alone. After three days, 10g of plant 20,000 rcf at 4°C for 30 min, the supernatants were filtered through a miracloth (Millipore). beads were washed thrice with 1ml of modified extraction buffer (150 mM Tris, pH 7.5, 150 mM NaCl, Orbitrap Fusion (Q-OT-qIT, Thermo Scientific) mass spectrometer. The raw data was processed using
MSConvert in ProteoWizard Toolkit (version 3.0.5759)1. MS2 spectra were searched with Mascot were generated from a tryptic digestion with up to two missed cleavages, carbamidomethylation of identifications. Peptide identifications were accepted if they could be established at greater than 6 6 4 95.0% probability by the Scaffold Local FDR algorithm. Proteomics analysis reveals a highly heterogeneous proteasome composition and the post- proteasome subunits during elicitation of plant defense reactions: towards the characterization Samples were taken 2 dpi and the relative proteasome activity was determined. Each bar represents (∆avrpto/avrptoB) compared to wild type and a T3SS deficient strain (Pst ∆ hrcC). Samples were taken according to student's t-test (***, P < 0.001). Arabidopsis genotypes infected with Psm. Leaves were syringe infiltrated with 1 x 10 5 cfu/mL of 
